Heating, Ventilating and Air Conditioning Systems (HVAC) are applied for primarily cooling purpose as well as to maintain quality of air. Since, most of the HVAC company has lack of data for the designing purpose e leads to uncomforting. Less standardization in designing criteria of HVAC Systems (Except ASHRAE which provides data for refrigeration systems) leads to write this paper. There is no any sources available that can exactly says how to design an energy efficient HVAC Systems. This paper provides the mathematical aspects for designing the HVAC Systems. This paper includes the process of designing HVAC with components by using mathematical framework e confirmed by software. This paper provides proper selection of capacity of systems and life cycle cost analysis too. For the simplicity of understanding, we have provided a demonstration with the example of 1000 seats auditorium situated at Vadodara, Gujarat. As the result of this designing, we got an emission free HVAC Systems with low GWP (Global Warming Potential) and ODP (Ozone Depletion Potential) e providing best comfort condition with reduction trunk duct arrangement and low life cycle cost. However production side of the Ducting Systems will become more expensive and complex due to numbers of joints and duct sizes but after applying it properly e better performance and less frictional losses lead the system to high Energy Efficiency Ratio (EER).
Introduction
HVAC-Heating, Ventilating and Air conditioning, is a branch of mechanical engineering that is concerned with achieving both indoor and vehicular human comfort by providing adequate and acceptable heat and fresh air. Apart from residential applications, the HVAC system is also very important and essential in many industries and laboratories in cold storage and preservation purposes, pre-cooling and Pasteurization of milk, in various manufacturing processes in rubber industries, textile industries, etc. It involves the process of exchanging or replacing air in any place to provide high quality indoor air, which involves temperature control, oxygen replenishment, and removal of moisture, odours, smoke, heat, dust, etc. from the air.
With rise in temperature because of global warming [1] , the increase in the unavailable energy (increase in entropy) and unusual climatic changes seen in recent years [2] has caused an increased demand for heating and cooling technologies, which is what HVAC systems do and so these systems have a wide applicability ahead.
HVAC design is a critical component and if performed carefully, energy efficient system at affordable cost can be developed. Although, designing an HVAC system is a complex task since there are various parameters which need to be taken care. There parameters include the selection of proper tonnage and specifications because, if not selected properly, then the required comfort cannot be achieved and the design efforts are wasted.
Location details
HVAC systems depend on the larger number of factors, oh which the location specific climate conditions is the most important. Therefore, for the proper design conditions, we use standard climate data. Climate is mostly dry in India, so, we consider the summer as a design condition. Cold northerly winds are responsible for a mild chill in winter and the southwest monsoon brings a humid climate from mid-June to mid-September. Table 1 shows the temperature details of Vadodara [3, 4] .
Building plan
The orientation and planning of a building has a significant effect on the space heat gain, which must be considered for the optimal design of an auditorium. The plan view as well as the section and side elevation of an auditorium for 1000 people is shown in Figs. 1 and 2 , respectively, and the electrical designing of the auditorium is shown in Fig. 3 . These designs are developed according to energy conscious building design [5, 6] . Table 2 shows the lighting systems in the auditorium.
Load calculation
To find the tonnage capacity of the HVAC system, a load calculation is required. Load is the amount of heat transfer to the system which must be removed to obtain the desired comfort and temperature levels. It also provides information for equipment selection, system sizing and system design. There are two types of loads: 1) Cooling load-cooling load calculations are carried out to estimate the heat gain of the building in the summer to arrive at the required cooling capacities. 2) Heating load-heating load calculations are carried out to estimate the heat loss from the building in the winter to arrive at required heating capacities.
As discussed previously, our main intention is to design the HVAC system for summer, which requires calculating the cooling load. For cooling load calculations, the system must be divided into several parts such as [7, 8] .
1) Heat gain through the walls and roof. 2) Heat gain through the windows and doors 3) Heat gain due to people 4) Heat gain due to lighting 5) Heat gain due to appliances
Heat gain through walls and roof
Heat gain through the walls and roof is given by … Q ¼ U Ã A Ã ðCLTDÞ here, U ¼ overall heat transfer coefficient A ¼ area of the walls and roof through which heat is passing CLTD ¼ cooling load temperature difference As seen from the equation, the heat transfer is dependent on U, A and CLTD.
Overall heat transfer coefficient (U)
Heat gain through the walls and roof is dependent on overall heat transfer coefficient (U), which can be written as [9] . 
. Area
The area of walls and roof are major factors which affect the heat transfer. Table 3 shows the area of different orientated walls and the roof.
CLTD (cooling load temperature difference)
The CLTD is a theoretical temperature difference that accounts for the combined effects of the inside and outside air temp difference, daily temperature range, solar radiation and heat storage in the construction assembly/building mass. It is affected by orientation, tilt, month, day, hour, and latitude. The CLTD data are dependent on the orientation of wall and the sun. The working hours of auditorium are from 9:00 to 18:00, so required data of the CLTD are also given from 9:00 to 18:00 [7, 10] .
Here, Table 4 shows the available CLTD values only for 24 N, so for the conversion to the local CLTD, the conversion factor should be used, which is given by [11] . Table 5 gives the modified CLTD adj .
So, using the equation of heat gain through the wall, the heat gain through structure at different times is given by
Here, at 18:00 o'clock, the heat gain becomes maximum so that for better comfort, the maximum heat gain condition must be taken into a consideration. According to 
Heat gain through the windows and doors
Heat gain through transparent windows is typical because windows directly transfer solar radiation to the building. In the case of the auditorium in this work, doors are made of glass so it will behave such as a window. The heat transfer equation through the windows is given as [12] .
Auditorium has doors of single glass plate with dimensions of 6 m Â 12 m with an SC of 0.95. We get maximum heat at 18 O'clock, So, for the maximum design conditions, the SHGF and CLTD value must be from the same time. The recommended values for that time and the total heat transferred are shown in Table 7 .
The maximum heat gain through the door is Q W ¼ 12295:65 W
Heat gain due to people
Peoples are the main source of sensible as well as latent heat. The internal heat gain by people is higher than the other heat gain sources. As we are considering a 1000 seat auditorium, the maximum number of people who are seated is 1000 and number of people who are performing on the stage is 20. So, heat gain due to people can be calculated and is given in Table 8 [13] .
The sensible heat and latent heat is given by …
Heat gain due to lighting
Lighting and HVAC are deeply interconnected. Lighting effects increase the heat gain and result in an increase in discomfort. As a result, lighting must be carefully situated in the auditorium. According to the ASHRAE hand book, lighting requirements are 1 W/ SF [3] . Based on this value, we have designed the lighting as shown in Fig. 3 . The Heat gain due to lighting is given by [13, 14] . Appliances, such as speakers, projectors and exhaust fans, have a significant effect on the load. Therefore, appliance loads must be taken into a consideration and is given by the total wattage of the installed appliances.
here, we know that the equations cannot give us correct value each time, and there will be a minor heat gain which cannot be accounted for, so a 10% safety factor must be added to the theoretical value [12] .
Therefore, a 70 ton refrigeration system is required to maintain the inside atmosphere at normal comfort levels. 
Flow rate calculation
The flow rate of air is given by [14, 15] 
The volume of the air per second that passes through the duct work is V ¼ 14:11 m 3 =sz15 m 3 =s
Then, the Air Change Rate (how many times air needs to be change per second) is given by [16, 17] ACR ¼ V=Vr According to the ACR required in every zone and the volume of the rooms, the required flow rate can be obtained as given in Table 9 .
Duct Design
There are many theories which define the size of the duct system including equal friction static regains total pressure velocity reduction constant velocity From these methods, we elect to use the equal friction method because it gives us more correct values to keep the discharge constant. In the equal friction method, the system is sized for a constant pressure loss per unit length of duct [18] . The equal friction method can be used for the design of supply and extract the resulting duct systems.
For the branch design arrangement, there are mainly two types of methods
Reducing plenum method Reducing trunk method
The reducing plenum method is widely used. In the reducing plenum method, a single plenum will have extended up to 15e20 feet. Branching is done on the plenum with no plenum reduction being done after a branch. It is easier to install and provides a cost reduction. However, there are some problems such as a lack in the proper arrangement leading to a chance of discomfort because the discharge and velocity cannot remain the same as the calculation due to the constant plenum. In addition, there will be a chance of a reverse effective pressure, which could result in a negative pressure that will create at branching instead of discharge it and will suck the indoor air.
In the reductioduct diameter, we keep the air velocity as 8 m/s. Fritzche equation is given as [20, 21] p f ¼ 0:014 22LðVÞ So, for the main duct
The pressure loss due to friction will be same as the above for all branches according to the equal frictional pressure drop method [3, 11] .
Duct design table

Supply duct
As we chose the reduction trump method, we have to tabulate the data in Table 10 . Here, the data shown is only for the supply duct, as and is also illustrated in Fig. 4 .
In Table 10 , we calculated each branch diameter, including the main duct, and found the length and total pressure losses in the ducts. As we can see, the main duct always reduces after branching, but the length of the main duct is always approximately 4 m. Therefore, the reduction trunk method can be considered as a reduction plenum method in our case. The cost remains approximately the same for both methods, so we chose the reduction trunk method for a better comfort system.
Return duct
The return duct is required in every HVAC system maintains both the indoor pressure and the air quality. We located the return duct only at the auditorium and not in the other locations. Because the main requirement of the air is only for the auditorium and to maintain a good quality of the air wasted, the air must be constantly ejected from the indoor environment.
According to the ASHRAE handbook, the required fresh air flow is 7.15 m 3 /s and we supplied total air flow of 12.58 m 3 /s (stage þ seating). remove total of (12.58e7.15) 5.43 m 3 /s has to be removed by the return duct. In the same process as the supply duct, we fixed the velocity of the main return duct at 8 m/s. Using the Fritzche equation we determined the main return duct diameter and calculated associated divided branches.
As shown in Table 11 , we have tabulated the data for the return duct as shown below, which was acquired the same way as supply duct.
As we can see from the supply and return duct sizing data, the fan must be designed for the supply air conditioning. Therefore, the power required for the fan is given by [14, 22] . 
Vapour compression refrigeration cycle
A simple VCR Cycle consists of following components: 1) compressor, 2) condenser, 3) expansion valve, and 4) evaporator. Here, (M) represents the main duct.
The schematic diagram of the arrangement is shown in Fig. 5 . The low temperature, low pressure vapour at state 1 is compressed by a compressor to a high temperature and pressure vapour at state 2. This vapour is condensed into high pressure vapour at state 3 in the condenser and then passes through the expansion valve. Here, the vapour is throttled down to a low pressure liquid and passed on to an evaporator, where it absorbs heat from the surroundings from the circulating fluid (being refrigerated) and vaporizes into a low pressure vapour at state 2. This cycle operates with help of an engine driven compressor and requires significant shaft power from the engine.
Vapour absorption refrigeration cycle
Some liquids, such as water, have a great affinity for absorbing large quantities of certain vapours, such as ammonia (NH 3 ), which greatly reduces the total volume. The absorption refrigeration system differs fundamentally from the vapour compression system, but only in the method of compressing the refrigerant. An absorber, generator and pump in the absorption system replace the compressor of a vapour compression system.
The main benefit of using this system is that it does not require high grade work energy, so it is quiet in operation. In addition, since we decided to use solar energy, the VCR system cannot be used because the compressor consumes too much power initially to start. Hence we decided to use the VAR system. Fig. 6 shows the schematic diagram of a vapour absorption system. Ammonia vapour is produced in the generator at high pressure from a strong solution of NH 3 by external heating. The water vapour carried with ammonia is removed in the rectifier and only the dehydrated ammonia gas enters the condenser. The high pressure NH 3 vapour is then condensed in the condenser. The cooled NH 3 solution is passed through a throttle valve and the pressure and temperature of the refrigerant are reduced below the temperature to be maintained in the evaporator. The low temperature refrigerant enters the evaporator and absorbs the required heat and leaves it as saturated vapour.
As with the traditional condenser of the vapour compression cycle, the refrigerant enters the condenser at high pressure and temperature and becomes condensed. Capillary tubes range from 0.5 mm to 3 mm with lengths ranging from 1 m to 6 m. The pressure reduction in a capillary tube occurs due to the following two factors:
i) The refrigerant must overcome the frictional resistance caused by the tube walls, which leads to some pressure drop.
ii) The liquid refrigerant evaporates into the mixture of liquid and vapour as its pressure reduces. The density of the vapour is less than that of the liquid. Hence, the average density of the refrigerant decreases as it flows in the tube. The mass flow rate and the tube diameter (or area) are constant, and the velocity of the refrigerant increases since the increase in velocity or acceleration of the refrigerant also requires a pressure drop.
The refrigerant at very low pressure and temperature enters the evaporator and produces the cooling effect. In the VCR cycle this refrigerant is displaced by the compressor, but in the VAR cycle, the absorber is a vessel consisting of water that acts as the absorbent for the previous absorbed refrigerant. Thus, the absorber consists of the weak solution of the refrigerant (ammonia) and absorbent (water). When the ammonia from the evaporator enters the absorber, it is absorbed by the absorbent due to the pressure inside the absorber further reduces, leading to more flow of the refrigerant from the evaporator to the absorber. At high temperature, the water absorbs less ammonia, hence, it is cooled by the external coolant to increase the ammonia absorption capacity. The initial flow of the refrigerant from the evaporator to the absorber occurs because the vapour pressure of the refrigerant-absorbent in the absorber is lower than the vapour pressure of the refrigerant in the evaporator. The vapour pressure of the refrigerant-absorbent inside the absorbent determines the pressure on low-pressure side of the system and the vaporizing temperature of the refrigerant inside the evaporator. The refrigerant flows to the absorber, which acts as the vacuum part of the refrigeration cycle.
This cycle is operated with help of a heat supply from the generator, and a pump is needed for the circulation of the refrigerant and absorber solution. Conventionally, heat is supplied through a coal fired boiler, and unconventionally by other gaseous fuelled boilers, but they can create pollution by emitting harmful gases and the setup of gas pipelines is almost as economical as a solar water heater installation. So, to make the system eco-friendly, we have supplied heat from a solar heater.
Designing of components of VARS
The pressure to be maintained in the condenser for changing the phase of ammonia vapours into ammonia liquid depends on type and temperature of the condensing medium used [23e25] .
In this system, forced air is used as a condensing medium. Water is available at a temperature of 26 C i.e., condensing temperature is T c ¼ 26 C.
For condensing ammonia vapours at 26 C, the corresponding pressure required can be noted from the refrigeration table of ammonia (R-717).
In this way, the condenser pressure is fixed at (p c ) ¼ 10.34 bar. To design the absorber, our requirement is 70 ton so we take the volume to be nearly 105 L. 
Condenser design
For the design of the condenser coil, we can take the heat transfer equations into consideration as below
From the above equations and the diameter and length available in the marketplace, we performed the calculations for a diameter of 1.2 cm, 1.4 cm, 1.8 cm, 2.0 cm and 2.4 cm. From all the results we take the following dimensions for the condenser coil.
For design of evaporator coil, we can use same design considerations as were used in the condenser coil. The approximate length of the pipe is 420 m. Taking the total number of passes as 60, the length of one pass will approximately be 8 m.
Solar plant generator design
For an eco-friendly system, we are using a solar plant so that the electricity use will be minimum and the operating cost can be reduced [26] . Since the solar plant efficiency is dependent on the Reynolds number and the Nusselt number of the heat transfer [27] , there is only a small effect on the nature of the solar collector. Since our design directly supplies steam that is imparted on the generator, these factors can be neglected. Flowing fluid as water allows for considerable, key improvements in the heat transfer capabilities have could be made. As a result, an important need still exists to develop new strategies to develop the effective heat transfer behaviours of conventional heat transfer fluids [28, 29] and as for improved heat transfer, we take the pipe of water with roughness wedge angles of 15 [30] .
The approximate volume of the generator is taken as 300 L¼ 0. of area near to the auditorium.
Life cycle cost analysis
For the life cycle cost analysis of the HVAC system, we are considering a 23 year life cycle. The fife cycle cost analysis includes the installation cost, maintenance cost, annual electricity cost, replacement cost, and salvage cost, and all of the costs are converted from Indian Rupees to US $ [31] .
Installation cost
As per market conditions, we have derived the approximate installation cost for the whole HVAC system as shown in Table 12 .
Electricity cost
For electricity cost analysis, we considered 9 working hours and 100 operational days in a year tabulated as Table 13 .
Maintenance cost
Maintenance costs of the VARS and VCRS are the labour and material expense required to maintain the system in suitable use condition. The total annual maintenance cost of VAR is around $1,250 leading to $28,750 over 23 years of operation.
Replacement cost
For the entire life cycle, there is no consideration for cooling towers and chillers in the replacement cost because the lifetime of these are same as the analysis period. The service life for all the pumps is 10 years. All figures are converted from Indian Rupees to US $. There will be a replacement twice during the 23 year operation. The value obtained for the replacement cost from Table 14 is $11,960 over 23 years. Since, we have used a solar collector water heater to run the generator, there are no direct emissions from this system, so it is completely eco-friendly. The only leakage would be that of our refrigerant eNH 3 . Since this leakage is negligible, it can be neglected and the ODP (Ozone Depletion Potential) and GWP (Global Worming Potential) of NH 3 is very low, so that it would not adversely affect the environment.
Indirect
The only electricity that we are using in our system is for the pumps and fans. The total units consumed by these fans and pumps per year are 26,370 units (As discussed above).
For 1 unit, 6.89551 Â 10 À4 metric tons of CO 2 is emitted in the atmosphere. Hence, the total indirect emission for 26,370 units is 18.18 metric tons of CO 2 [32, 33] . Otherwise, there is not any indirect emission.
Conclusions
Climate change and energy waste e increasing the entropy of the system e are among the largest problems facing the world today [1, 2] . This HVAC system is considered to be one of the most promising energy saving systems with a low life cycle cost. This paper provides an essential framework of designing the load calculation to the component sizing. For comfort conditioning, the reduction in trunk method for the duct sizing gives most appropriate flow rates for the conditioned air giving proper cooling in the summer. Most importantly, the best HVAC systems cannot be designed according to the design of a building, but the building has to be designed with respect to the HVAC systems. 
